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SUMMARY: The oils obtained from native palm fruits are considered new sources of high added value phyto-
chemicals, making it necessary to know the composition of the less studied species in order to evaluate their eco-
nomic potential. The objective of this study is to identify and quantify the carotenoids in palm fruit oils from the 
Brazilian Amazon: bacaba (Oenocarpus bacaba), buriti (Mauritia flexuosa), inajá (Maximiliana maripa), pupunha 
(Bactris gasipaes) and tucumã (Astrocaryum vulgare), by means of liquid phase extraction and HPLC-UV-vis. 
analysis. The results showed an extremely variable carotenoid content, from 13 mg·kg−1 in bacaba oil to more than 
1000 mg·kg−1 in the tucumã one. The oils obtained from buriti, pupunha and tucumã displayed high concentrations 
of ß-carotene, corresponding to fruits with the series ß, ß dominant metabolism. Upon analyzing the carotenoid 
profile in bacaba oil for the first time, an extraordinary dominance of the ß, ε pathway was observed, proving them 
to be oils with high lutein and α-carotene contents. Although the ß, ß pathway dominates in inajá oil, the exclusive 
and high lycopene content implies that LCY-E is barely active in these fruits, in contrast to what has been evidenced 
so far. It is therefore of the utmost importance to characterize these new potential sources of carotenoids.
KEYWORDS: Astrocaryum vulgare; Bactris gasipaes; HPLC-carotenoids; Mauritia flexuosa; Maximiliana maripa; 
Oenocarpus vacaba; Palm oils
RESUMEN: Composición de carotenoides en aceites obtenidos a partir de frutos de palma de la Amazonia 
Brasileña. Los aceites obtenidos a partir de frutos de palmeras nativas son considerados nuevas fuentes de fito-
químicos con alto valor añadido siendo necesario conocer la composición de las especies menos exploradas para 
evaluar su potencial económico. El objetivo de este estudio es identificar y cuantificar los carotenoides en aceites 
defrutos de palmeras provenientes de la Amazonia Brasileña: bacaba (Oenocarpus bacaba), buriti (Mauritia 
flexuosa), inajá (Maximiliana maripa), pupunha (Bactris gasipaes) y tucumã (Astrocaryum vulgare), mediante 
extracción líquido:líquido y análisis por HPLC-UV-vis. Los resultados mostraron un contenido de carotenoides 
muy variable, entre 13 mg·kg−1 en el aceite de bacaba y superior a 1000 mg·kg−1 en el aceite de tucumá. Los 
aceites procedentes de buriti, pupunha y tucumã presentaron altas concentraciones de ß-caroteno, correspon-
diendo a frutos con metabolismo dominante de la serie ß, ß. Al analizar por primera vez el perfil carotenoides 
del aceite de bacaba se observó una excepcional dominancia de la ruta ß, ε, y consecuentemente presenta un 
alto contenido en luteína y α-caroteno. Aunque en los aceites de inajá predomina la ruta ß, ß, el exclusivo y alto 
contenido de licopeno implica que LCY-E es muy poco activa en estos frutos, a diferencia de lo descrito hasta el 
momento. Resulta pues fundamental caracterizar estas nuevas potenciales fuentes de carotenoides.
PALABRAS CLAVE: Aceites de palma; Astrocaryum vulgare; Bactris gasipaes; HPLC-carotenoides; Mauritia flexuosa; 
Maximiliana maripa; Oenocarpus vacaba
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1. INTRODUCTION
In recent years, there has been great interest in 
the oils obtained from fruits. Amongst the contrib-
uting reasons for this are that they can be directly 
consumed without the need for refining (olives, avo-
cadoes, palms) due to their extraction system, and 
their nutritional properties, considering the appro-
priate composition of fatty acids, sterols, carot-
enoids and antioxidants (Clement, 2005). Some of 
the species that have attracted attention, not only for 
their lipid contents but also for their bioactive com-
pound compositions such as sterols, tocopherols and 
carotenoids are: bacaba (Oenocarpus bacaba Mart), 
buriti (Mauritia flexuosa L.f.), inajá (Maximiliana 
maripa (Corrêa), Drude), pupunha (Bactris gasipaes 
Kunth) and tucumã (Astrocaryum vulgare Mart). All 
of them are used as raw materials for oil extraction 
for use in the food and cosmetic industries (Santos 
et al., 2013).
Due to their chemical composition, the oils ob -
tained from native palm fruits are considered new 
sources of high-added-value phytochemicals, since 
studies developed on certain species have shown 
that they have significant phytochemicals, such as 
unsaturated fatty acids, phytosterols,  tocopherols 
and β-carotene, among others (Yuyama et al., 2003; 
Bereau et  al., 2003; Rosso and Mercadante, 2007; 
Rodrigues et al., 2010; Mantúfar et al., 2010; Vázquez-
Ocmín et al., 2010).
Carotenoids, found in vegetable oils, have anti-
oxidant and anti-carcinogenic properties (Anjo, 
2004; Uenojo et al., 2007). According to Ambrósio 
et  al. (2006), β-carotene is a powerful antioxidant 
which protects against cardiovascular diseases once 
it has inhibited the oxidation process of low-density 
lipoproteins (LDL).
Due to the beneficial properties of carotenoids 
and their high quantitative levels in palm fruits, 
their identification and quantification has been per-
formed in the mesocarp of several species (buriti, 
pupunha and tucumã) (Rodríguez-Amaya et al. 2008; 
De Rosso and Mercadante 2007). However, the oils 
extracted from palm fruits have only been character-
ized spectrophotometrically for their total carotenoid 
content (Mambrine et al., 1997, Ferreira et al., 1999; 
Fihlo et al., 2013), and these have been considered as 
potential sources of carotenoids (Manorama et  al., 
1991; Rodriguez-Amaya, 1996). In fact, the enrich-
ment of foods with natural sources of β-carotene, 
such as these palm oils, could be an alternative solu-
tion to preventing the hypo- vitaminosis A disorder in 
Brazilian population (Ambrosio et al., 2006).
During the oil extraction process, the original 
carotenoid profile from fruit tissue undergoes chem-
ical modifications (Roca and Mínguez-Mosquera, 
2003). The transfer of  carotenoids to the oil can 
mean transformation, degradation, concentration 
and/or selective transfer reactions of the carotenoids 
themselves (for example increasing the content in 
lutein, or generating new carotenoids such as muta-
toxanthin or luteoxanthin due to the acidic pH 
during the extraction in olive oils). Therefore, it is 
necessary to identify and quantify the carotenoids 
present in the oils of palm fruits. The objective 
of this study is to identify and quantify the carot-
enoids in palm fruit oils obtained from the Brazilian 
Amazon.
2. MATERIALS AND METHODS
2.1. Materials
Samples of fruits from five palm species, i.e. 
bacaba (Oenocarpus bacaba), buriti (Mauritia flex-
uosa), inajá (Maximiliana maripa), pupunha (Bactris 
gasipaes) and tucumã (Astrocaryum vulgare), were 
collected in the State of Amapá, Brazil. The meso-
carp of the fruits was separated, moisture was elimi-
nated by freeze-drying before lipid extraction and 
lyophilized samples were maintained at −30 °C until 
extraction and analysis.
2.2. Carotenoid extraction
The total amount of lipids in the samples was 
determined by Soxhlet extraction with an extraction 
period of 6 h and diethyl ether as solvent (AENOR, 
1991). Then, the solvent was evaporated under 
vacuum and the extracted oil was dried to constant 
weight using a stream of nitrogen.
The samples were dissolved in different amounts 
of acetone depending on the total carotenoid con-
centration that they showed in previous tests. 1.5 mL 
was used for bacaba, 5 mL for inajá and 10 mL for 
buriti, pupunha and tucumã. One mL aliquot of the 
solution was centrifuged at 12000 rpm and stored at 
−30 °C until analysis. All analyses were carried out 
in triplicate and under diminished light.
2.3. Isolation of carotenoid standards for HPLC
β-Carotene, lutein, ß-cryptoxanthin, lycopene and 
α-carotene were supplied by Sigma-Aldrich Chemical 
Co. (Madrid, Spain). Violaxanthin, neoxanthin, anter -
axanthin, δ-carotene and γ-carotene were  supplied 
by Carote Nature (Lupsingen, Switzerland). Luteo-
xanthin and mutatoxanthin were obtained by acidi-
fication with 1 M HCl in ethanol (Khachik et al., 
1986), purified by NP- and RP-TLC (Mínguez-
Mosquera et al., 1991).
2.4. Analysis of carotenoids by HPLC
The samples were analysed using a Hewlett Packard 
HP 1100 HPLC model, with a stainless steel column 
(20×0.46 cm I.D.), packed with a C18 solid phase 
3 μm particle size (Mediterranea Sea, Teknokroma, 
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Barcelona, Spain). The column was protected by a 
pre-column (1×0.4 cm I.D.) packed with the same 
material. The separation was performed using a 
gradient (flow 1.25 mL·min−1) with the mobile 
phases: water/ion pair/methanol (1/1/8, v/v/v) and 
methanol/acetone (1/1, v/v). The ion pair was 0.05 M 
tetrabutylammonium and 1 M ammonium acetate in 
water (Mínguez-Mosquera et al., 1991). A photodiode 
array detector was used for detection, registering the 
signal between 350 nm−800 nm, although the quan-
tification was performed between 430 nm−450 nm, 
depending on the maximum absorption of the carot-
enoids. The data were processed using the LCHP 
ChemStation software (Rev.A.05.04). The pigments 
were measured from their respective calibration 
curves (quantity versus integrated peak area). The 
calibration equations were derived from the linear 
regression analysis of least squares, in ranges of con-
centration in line with carotenoid levels in the respec-
tive oils. For each standard solution, five different 
volumes were prepared and injected twice.
2.5. Carotenoid identifi cation
This has been described in detail in previous pub-
lications, Mínguez-Mosquera and Hornero-Méndez 
(1993), and consist of the following procedures: 
separation and isolation of the pigment by TLC 
and co-chromatography with standard pigments; 
observation of the pigment color on TLC plates 
under white, UV254 nm, and UV360 nm lights; acqui-
sition of UV-visible spectrain different solvents and 
comparison of the maximum(s) with the values 
reported in the literature; chemical derivatization 
microscale tests. For 5,8 epoxi-carotene, δ-carotene 
and γ-carotene, the identification was made only 
on the basis of their spectroscopic characteristics 
(Rodriguez-Amaya, 1996; de Rosso et al., 2007).
2.5. Statistical Analysis of Data
All experiments were carried out in triplicate. 
Data were expressed as mean values±SD. The SD 
was lower than 10%. The data were analyzed for 
significant differences among means using one way 
analysis of  variance (ANOVA). Duncan’s multiple-
range test was used as a post hoc comparison of 
statistical significance (p values<0.05). All statis-
tical analyses were performed using Statistica for 
Windows (version 5.1, StatSoft, Inc., Tulsa, OK).
3. RESULTS AND DISCUSSION
The characteristics of the carotenoids identified 
in the analyzed oil samples are detailed in Table 1. 
The identification is based on their chromatographic 
TABLE 1. Chromatographic and spectroscopic characteristics of carotenoids from different Brazilian palm oils
Peak Carotenoid Retention time
Position of peak (nm) Peak height 
relationship
(100III/II)I II III
1 neoxanthin 5.48 414 438 466 90
2 violaxanthin 6.51 417 440 471 94
3 luteoxanthin 6.99 405 426 450 90
4 cis violaxanthin 7.29 417 436 470 92
5 antheraxanthin 7.89 425 446 474 22
6 mutatoxanthin 8.02 404 425 451 39
7 lutein 9.05 424 446 474 60
8 cis lutein 9.92 422 442 471 30
9 cis δ carotene 16.03 432 458 488 35
10 β-cryptoxanthin 16.49 431 452 479 25
11 δ carotene 17.13 430 452 475 46
12 5,8 epoxy β-carotene 21.27 410 434 456
13 cis lycopene 23.36 442 468 500 87
14 lycopene 23.88 450 476 508 91
15 cis γ carotene 25.30 438 460 492 46
16 γ carotene 25.87 435 463 499 57
17 cis α-carotene 26.15 418 442 470 40
18 α-carotene 26.78 424 448 476 57
19 cis β-carotene 27.73 420 448 478 14
20 β-carotene 27.78 432 454 481 26
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and spectroscopic properties, as well as the co- 
chromatography of  the corresponding standards. 
All the identified carotenoids were in free form as in 
previous reports (Rodriguez-Amaya, 1996; de Rosso 
et al., 2007), a peculiar fact due to the high content 
of oils of these fruits. Other oil-rich fruits, such as 
olives, have shown a similar profile without esteri-
fied carotenoids (Mínguez-Mosquera et al., 1992).
The detailed carotenoid composition of the oils 
extracted from the mesocarp of palm fruits found 
in the Brazilian Amazon can be found in Table 2. 
We can observe that the carotenoid content is highly 
variable, between 13 mg·kg−1 in the case of bacaba 
oil and more than 1000 mg·kg−1 for tucumã oil. The 
existing studies on fruit comparison among differ-
ent species describe buriti as the most concentrated 
source of carotenoids (Rodriguez-Amaya, 1996; de 
Rosso et al., 2007). However, our results show that 
the concentration of carotenoids in the respective 
oils is far greater in those from the tucumã meso-
carp. This fact can be explained by several factors: 
the variability and/or ripening stage of the analyzed 
fruits, the region of provenance and a greater or 
lesser extent of the extraction procedure.
Generally, the palm fruits studied until now are 
rich in ß-carotene (Rodriguez-Amaya, 1996; de Rosso 
et al., 2007), as the ß, ß pathway domains (Figure 1) 
during carotenoid synthesis, as is the case in the oils 
obtained from buriti, pupunha and tucumã. The 
dominance of the ß, ß series in fruits is transferred to 
the respective oils in these varieties, as can be observed 
in Table 2, where the carotenoid profile is dominated 
by ß-carotene. However, from the analysis of the 
carotenoid profile present in bacaba and inajá oils, 
achieved for the first time in this study, a significant 
metabolic deviation from the previous general pattern 
can be observed. The results obtained from this work 
show that palm fruits where the ß, ε pathway is domi-
nant also exist, as it is the case in oils found in bacaba, 
due to the high content of lutein and α-carotene. Inajá 
oils are equally interesting. Although the ß, ß path-
way prevails here, the exclusive and high content of 
lycopene implies that LCY-E is barely active in these 
fruits, in contrast to the evidence provided until now.
A detailed analysis by species shows that bacaba is 
the oil with the lowest measured total carotenoid con-
tent (Table 2 and Figure 2). A similar trend was reported 
by Mambrimand Barrera-Arellano (1997). However, 
in contrast to the other palm fruits, it is highly inter-
esting as it is a fruit mainly made up of xanthophylls 
(65%), a significant feature not previously recorded in 
the literature. Within xanthophylls, lutein is the main 
carotenoid (57%), followed by luteoxanthin, mutato-
xanthin and antheraxanthin (Figure 1) that reach up 
to 3%. Luteoxanthin and mutatoxanthin are deriva-
tives of violaxanthin and antheraxanthin, respectively, 
TABLE 2. Carotenoid composition (mg·kg−1 oil) of different Brazilian palm oils
Carotenoids bacaba buriti inajá pupunha tucumã
neoxanthin – – – – 76.08±6.72
violaxanthin 0.17±0.01 – – – 13.53±0.57
luteoxanthin – 2.68±0.17 – – 16.13±0.88
cis violaxanthin – – – – 12.80±0.92
antheraxanthin 0.11±0.01 – – – –
mutatoxanthin 0.17±0.01 – – – –
lutein 6.20±0.35 32.12±2.38 – 11.94±0.17 44.34±1.44
cis lutein 1.78±0.11 16.28±1.07 – 2.22±0.19 12.57±0.12
cis δ-carotene – – – 1.64±0.09 –
β-cryptoxanthin 0.18±0.01 – – – 14.43±1.31
δ-carotene – – – 3.07±0.29 –
5,8 epoxy β-carotene – 4.38±0.24 – – 27.25±2.69
cis licopene – – 15.49±0.62 26.84±1.60 –
licopene – – 15.33±1.36 30.8±0.54 –
cis γ carotene – 1.82±0.08 9.81±0.35 35.40±0.61 75.87±5.54
γ carotene – 3.45±0.29 14.85±0.74 67.62±0.30 68.02±3.44
cis α-carotene 0.16±0.01 1.8±0.08 – – –
α-carotene 1.05±0.08 19.20±1.69 0.51±0.03 – 29,21±2.62
cis β-carotene 0.70±0.05 165.65±14.64 6.01±0.59 27.66±2.13 230.92±14.50
β-carotene 3.02±0.28 295.24±17.89 23.03±1.59 150.19±3.90 567.08±25.29
TOTAL (mg·kg−1) 13.53±0.97 540.81±36.09 85.03±6.30 357.42±3.85 1222.33±34.50
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through the transformation of the 5,3 epoxide group 
in 5, 8 furanoid. This modification is typical during the 
oil extraction process (Roca and Mínguez-Mosquera, 
2003) due to the release of acid material from the veg-
etal tissue. ß and α-carotene are the main components 
found within the  carotene fraction.
FIGURE 1. Scheme of carotenoid biosynthesis from lycopene.
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The profile and content of inajá oil described in 
Table 2 and Figure 3 are completely new, as only the 
total carotenoid value, around 150  mg·kg−1 found 
within the dry pulp of fruits has previously been 
published (Telles, 2006), which are similar to those 
values obtained in this study (Table 2). The high pro-
portion of lycopene in its oil (33%) is a significant 
novelty in palms oils with a content of 30 mg·kg−1 
that fits with that found in papaya or watermelon 
(Perkins-Veazie et  al., 2006; Souza et  al., 2008). 
Similar values have been quantified for ß-carotene, 
the carotene that is most present in this oil, followed 
by γ-carotene and α-carotene.
There are not literature reports on the carotenoid 
content of pupunha oil but, taking into account the 
quantities reported for the pulp of this fruit (between 
1 mg−20 mg·100 g−1) (Rosso and Mercadante, 2007; 
Rodríguez-Amaya et al., 2008; Jatunov et al., 2010) 
and its low lipid content (Santos et al., 2013), we can 
calculate carotenoid concentrations within theoretic 
oils to be similar to those obtained in Table 2. The 
carotenoid profile obtained from the oil matches 
that recorded for the pulp of these fruits (Rosso and 
Mercadante, 2007; Rodríguez-Amaya et  al. 2008), 
where ß-carotene dominates, together with lower 
values of γ-carotene and δ-carotene.
The total carotenoid content in the oil from 
buriti fruits is detailed in the literature is highly vari-
able, fluctuating between 600 ppm and 10,000 ppm 
(Ferreira et al., 2011, Ferreira et al., 1999), probably 
depending on the varietial selection, the degree of 
ripeness, agronomical factors, and extraction pro-
cedure. However, the carotenoid profiles obtained 
from the corresponding oils is equivalent to that 
obtained in the mesocarp of its fruits (Rosso and 
Mercadante, 2007), with 85% of the fraction domi-
nated by ß-carotene, the reason for which this oil is 
used as a source of pro-vitamin A.
Oils obtained from tucumã pulp show a greater 
carotenoid content (above 1000  ppm) with these 
values being similar to those detailed in the litera-
ture (Mambrini et al., 1997). The carotenoid pro-
file is dominated by the high content of  ß-carotene, 
which is higher than 60% of  the total fraction, a 
value that is in contrast to the high content in the 
carotenoid found in the pulp of  these fruits (Rosso 
and Mercadante, 2007; Rodríguez-Amaya et  al. 
2008). Recently, a study has shown the genoprotec-
tive effects against the DNA of  tucumã oil’s (DNA 
fragmentation, Comet assay, and chromosomal 
instability G-band assays) (Fihlo et al., 2013). The 
authors justified the results obtained in relation to 
the high concentration of  antioxidant compounds, 
mainly ß-carotene of  this fruit. Particularly inter-
esting is the presence of  neoxanthin and violax-
anthin (together with its derivative luteoxanthin) 
in those oils, as this feature differentiates it from 
other palm fruits. These xanthophylls are the final 
derivatives of  the ß, ß pathway, a dominant cycle in 
tucumã fruits.
FIGURE 2. HPLC chromatogram at 450 nm of the carotenoids from bacaba palm oils. Peak numbers as in Table 1.
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FIGURE 3. HPLC chromatogram at 450 nm of the carotenoids from inajá palm oils. Peak numbers as in Table 1
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4. CONCLUSIONS
The analysis of  the carotenoid content in oils 
from different types of  palm show highly  variable 
amounts, with pupunha, buriti and tucumã con-
taining the highest contents from the analyzed 
species in this work. Moreover, the properties of 
these species are dominated by a high content of 
ß- carotene, meaning that their intake has a high-
added value of  pro-vitamin A. Inajá oils are char-
acterized by a high content of  lycopene, while those 
from bacaba present exceptionally strengthened ß, 
ε synthesis pathway, which is rarely predominant 
in palm fruits. To the promising nutritional value 
of  Inajá and bacaba palm oils this report combines 
biochemical interest as the carotenogenesis devel-
ops under a different pathway generally accepted 
for palm fruits.
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